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Introduction: Chronic low-grade inflammation and oxidative stress are pivotal contributors to the metabolic
complications associated with obesity. Selenoprotein P (SELENOP) and glutathione peroxidase 1 (GPx1) are
selenoproteins involved in the reduction of reactive oxygen species and pro-inflammatory cytokines levels.
Nutritional epigenomics revealed the interaction of microRNAs and nutrients with an important impact on
metabolic pathways involved in obesity. However, the knowledge regarding the influence of microRNA on se-
lenium biomarkers and its impact on metabolic pathways related to obesity remains scarce. Thus, the aim of this
study was to investigate the association of plasma miR-7-5p expression with selenium and inflammatory bio-
markers in women with overweight/obesity.
Material and methods: Anthropometric evaluations were performed and blood samples were collected for the
analysis of fasting glucose, insulin, inflammatory and selenium biomarkers, and miR-7–5p expression in 54
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women with overweight/obesity. Gene expression of SELENOP and GPX1 were evaluated in peripheral mono-
nuclear blood cells.
Results: This study observed a negative correlation between SELENOP levels and miR-7–5p (rho = − 0.350; p =

0.018). Additionally, it was observed that body fat (OR = 0.737; p = 0.011), age (OR = 1.214; p = 0.007), and
miR-7-5p (OR = 0.990; p = 0.015) emerged as significant predictors of SELENOP levels.
Conclusions: In conclusion, we observed a significant inverse association between miR-7-5p expression and
SELENOP concentration in overweight/obese women, suggesting that age and percentage of body fat are also
associated.
Trial registration number: Brazilian Registry of Clinical Trials (ReBEC) number RBR-2nfy5q

1. Introduction

Overweight and obesity are prevalent worldwide and are charac-
terized by an excess of adipose tissue that results in a state of low-grade
chronic metabolic inflammation, able to increase the risk of type 2
diabetes (T2D) and cardiovascular diseases. Nutrients with anti-
inflammatory and antioxidant properties play a crucial role in man-
aging metabolic disorders [1].

Selenium (Se) is an essential trace element that influences inflam-
mation and oxidative stress through selenoproteins like Glutathione
peroxidase 1 (GPx1) and selenoprotein P (SELENOP) [2]. GPx1 reduces
hydrogen peroxide, thereby attenuating inflammation, which is
elevated in obesity. SELENOP, responsible for selenium transport and
antioxidant defense, is associated with insulin resistance, carbohydrate
metabolism and visceral obesity [3].

Nutritional genomics, particularly Nutrimiromics, explores how diet
and nutrients influence gene expression. Studies suggest that microRNAs
(miRNAs) play a significant role in metabolic disorders and can be
regulated by selenium status [4]. For example, miR-7-5p is linked to
SELENOP levels and its expression is down regulated in patients with
T2D [5,6]. However, there is a need for results that clarify the associa-
tion between miR-7-5p and selenium biomarkers, particularly in over-
weight and obese populations. A meta-analysis indicated that miR-7-5p
levels were upregulated in individuals with obesity post-bariatric sur-
gery [7]. Thus, this study aims to further elucidate the influence of
metabolic inflammation on this relationship.

This study seeks to contribute new insights to Nutrimiromics, shed-
ding light on the interplay between miRNA regulation, Se status, and
inflammation, which could inform future therapeutic strategies for
managing metabolic complications in obesity. Thus, the aim of this
study was to investigate the association of miR-7-5p with selenium

biomarkers, gene expression and inflammatory parameters in women
with overweight/obesity.

2. Material and methods

2.1. Population

This cross-sectional study exclusively used the baseline data from a
randomized clinical trial (trial register: RBR-2nfy5q) that was conducted
in the Division of Endocrinology and Metabolism at the Clinical Hospital
(School of Medicine, University of São Paulo, Brasil). Fifty-four women
aged between 18 and 60 years old, with a body mass index (BMI) ≥

28.9 kg/m2 according to Stern’s criteria for diagnosing insulin resistance
[8] were included. The inclusion criteria followed the original study [9]:
women between 18 and 55 years of age, with a body mass index of
28.9–39.9 kg/m2, not pregnant or participating in another clinical trial;
not using vitamin-mineral supplements; not smoking or abusing alcohol;
not engaging in intense physical activity; not allergic to nuts or reporting
a regular consumption of Brazil nuts. The sample size calculation were
previously described [9]. All the procedures involving the patients were
conducted according to the guidelines laid out in the Declaration of
Helsinki and approved by the Ethics Committee of the Faculty of Phar-
maceutical Sciences at the University of São Paulo (approval number
1.421.929). Written informed consent was obtained from all
participants.

2.2. Anthropometric assessment and blood samples collection

Body weight (kg) was measured using a calibrated digital scale and
height (cm) by using a fixed stadiometer positioned on the scale [10].
Body mass index (BMI) was calculated (expressed as kg/m2) and the
classification was performed according to the World Health Organiza-
tion (WHO) [11]. Body fat percentage (%BF) was determined using an
electrical bioimpedance (InBody 770, Biospace, Seoul, Korea) according
to the manufacturer’s instructions.

Fasting blood samples (25mL) were drawn by venipuncture using 5-
mL EDTA tubes and 8-mL tubes without anticoagulant. Plasma and
serum samples were separated by centrifugation at 3.000 g for 15mi-
nutes at 4◦C. Erythrocyte pellet obtained from whole blood was washed
three times with 5mL sterile 9 g/L NaCl solution, slowly homogenized
by inversion and centrifuged at 10.000 g for 10minutes at 4◦C, and the
supernatant was discarded. Plasma, serum, and erythrocyte aliquots
were stored in free trace-elements polypropylene tubes at − 80ºC until
analysis was performed.

2.3. Biochemical analysis and insulin resistance evaluation

Fasting glucose was determined in serum samples using commer-
cially available kit (Reference 84, Minas Gerais, Brazil) in an automated
biochemical analysis (Labmax 240, Labtest, Minas Gerais, Brazil). The
analysis of plasma inflammatory biomarkers (IL-6, TNF-α, C-reactive
protein [CRP]) and insulin were performed by multiplex technique by
using a commercial kit (Milliplex, Merck Millipore, Darmstadt, Ger-
many). The homeostasis model assessment for insulin resistance

Table 1
Anthropometric and biochemical characteristics of the participants.

Variable (n¼54) Median (IQR)

Age (years) 41 (32.5 – 47.2)
Body fat (%)a 45.1 (41.5–50.8)
BMI (kg/m2) 34.7 (31.9–37.7)
Fasting glucose (mg/dL) 83.0 (71.7–95.5)
Insulin (µU/mL)b 6.3 (3.3–9.7)
HOMA-IR 1.4 (1.0–2.9)
GPx1 activity (U/g Hb) 48.2 (40.8–57.7)
SELENOP (ng/mL)c 34.3 (11.3–51.9)
Plasma Se (μg/L)c 78.3 (64.6–90.8)
Erythrocyte Se (μg/L) 126.7 (114.4–147.1)
mRNA GPX1 (2-ΔCt) 0.2 (0.2–0.3)
mRNA SELENOP (2-ΔCt x 103) 0.1 (0.1–0.2)
IL− 6 (pg/mL) 2.4 (1.3–3.4)
CRP (µg/mL) 10.9 (3.9–20.9)
TNF-α (pg/mL) 2.1 (1.5–2.8)
miR-7-5p (2-ΔCt x 103) 2.9 (2.1–4.1)

Legend: a2 missing values, b7 missing values, c9 missing values. Legend: GPx=
glutathione peroxidase; IL-6= interleukin-6; IQR= Interquartile range; miR=
microRNA; mRNA= messenger RNA (gene expression); Se= selenium;
SELENOP= selenoprotein P; CRP=C-reactive protein; TNF-α= tumor necrosis
factor alpha. Reference values: plasma Se - 60 a 120 µg/L; erythrocyte Se - 90 a
190 µg/L [15].
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(HOMA-IR) was calculated using the equation: fasting glucose (mmol) x
insulin (µU/mL)/22.5 [12].

2.4. Se biomarkers

Plasma and erythrocyte Se concentration were determined by
inductively coupled plasma mass spectrometry (NexION® 2000 ICP
Mass Spectrometer (ICP-MS), Perkin Elmer, USA), as previously
described [13]. The reference material Seronorm Trace Elements Serum
(SERO AS, Billingstad, Norway) was used for the quality control
assessment. Found values were always in good agreement (t-test 95%)
with the target values. SELENOP plasma concentration was determined
by enzyme-linked immunosorbent assay (ELISA) using a commercial kit
(Abexxa, Ltd, Dallas/Fort Worth, TX, USA) on a microplate reader
(Biotech Synergy H1, Biotek, Winooski, VT, USA). Erythrocyte GPx1
activity was determined according to the method of Paglia and Valen-
tine [14] using a commercial kit (Ransel 505, Randox Laboratories,
Crumlin, UK) in an automated biochemical analyzer and expressed in
units per gram of hemoglobin (U/gHb). The reference values for plasma
Se and erythrocyte Se were adopted as 60–120 µg/L and 90–190 µg/L,
respectively [15].

2.5. GPX1 and SELENOP gene expression

Total RNA samples were extracted from peripheral blood mono-
nuclear cells (PBMC) and cDNA synthesized by reverse transcription
polymerase chain reaction as previously described [9]. The analysis of
GPX1 and SELENOP gene expression were performed by real-time
quantitative PCR (qRT-PCR) on StepOne Plus equipment (Life Tech-
nologies, Foster City, CA, USA) using Taqman Gene Expression Assays
specific for each gene. The glyceraldehyde phosphate dehydrogenase
(GAPDH) was used as the reference gene.

2.6. miR-7-5p expression

The following experiments related to hsa-miR-7-5p expression were
conducted at Exiqon Services, Vedbaek, Denmark, and were thoroughly
described previously [16]. Total RNA was extracted from plasma sam-
ples using miRCURY RNA Isolation Kit–Biofluids, high-throughput
bead-based protocol v.1 (Exiqon, Vedbaek, Denmark) in an automated

96-well format and cDNA synthetized using the miRCURY LNA Uni-
versal RT microRNA PCR Polyadenylation, and cDNA Synthesis Kit
(Exiqon) according to the protocol described previously [17]. The
relative levels of miRNA were measured using the comparative Ct
method (2− ΔCt) [18]. To normalize the results, the geometric mean of
let-7i-5p and miR-30e-5p was adopted as the reference.

2.7. Statistical analyses

The variable distribution was evaluated using the Kolmogorov-
Smirnov test and values were expressed as median and interquartile
range. The correlation analysis between miR-7–5p and biochemical and
anthropometric variables were performed using Spearman’s test. Mul-
tiple logistic regression model was performed to evaluate variables
predicting the high SELENOP concentration which was categorized
based on the sample median: ≤78 µg/L = Low SELENOP; >78 µg/L =

High SELENOP. Therefore, the Enter method was used and adjusted by
miR-7–5p, statistically significant in the correlation, and age, body fat,
TNF-α, fasting blood glucose, CRP, IL-6, according to possible in-
teractions based on what was observed in the literature. Statistical
analysis was performed using SPSS Statistics V23.0 software (IBM, IL,
USA) and the p-value < 0.05 was considered statistically significant.

3. Results

The anthropometric and biochemical characteristics of the partici-
pants are shown in Table 1. Among the study participants, 18% were
diagnosed with T2D, and 19% were using hypoglycemic medications.
Moreover, clinical parameters demonstrate that more than 74% of
women have normoglycemic values according to Brazilian Diabetes
guidelines [12]. Furthermore, plasma and erythrocyte Se concentration
values were adequate according to the reference range [15], indicating
that the participants did not present Se deficiency.

In order to verify the association between the miR-7-5p and clinical
parameters, Se and inflammatory biomarkers, a correlation analysis
were performed (Table 2). The results showed an inverse association
between the miR-7-5p and SELENOP concentration (r = − 0350; p =

0.018). No correlations were verified for the other parameters.
Furthermore, it was also investigated the correlation between SELENOP
concentration with clinical and biochemical parameters, but no signif-
icant association was observed.

To explore the association between the variables with the SELENOP
concentration, we conducted a multiple logistic regression analysis
adjusted for age, %BF, fasting glucose, CRP, TNF-α, IL-6, and miR-7-5p.
The results demonstrated that the increase in age (OR = 1.21; 95% CI =
1.06–1.40; p =0.007), lower percentage of body fat (OR = 0.74; 95%
CI= 0.57–0.95; p=0.019), and lower expression of miR-7–5p (OR =

0.99; 95% CI = 0.983–0.998; p = 0.015) were significantly associated
with higher SELENOP concentrations (>78 µg/L) (Table 3).

4. Discussion and conclusion

In this study, we demonstrated an inverse correlation between miR-
7-5p and SELENOP levels. Furthermore, advanced age, lower percentage
of body fat, and decreased expression of miR-7-5p were associated with
high levels of SELENOP.

Although the miR-7-5p was not associated with plasma and eryth-
rocyte Se levels, it was correlated with SELENOP concentration, whose
protein translation seems to be inhibited by miR-7-5p [5]. It is important
to note that dietary Se is absorbed in the gastrointestinal tract and
predominantly transported via the bloodstream to the liver. In the liver,
SELENOP is synthesized to regulate Se distribution systematically,
ensuring that essential organs receive adequate amounts of this trace
element [19,20]. Due to the capacity of miR-7-5p to bind to specific
mRNA sequences and regulate gene expression, it plays a role in con-
trolling protein levels and activity, which corresponds with the results

Table 2
Spearman’s correlation of miR-7-5p and SELENOP with biochemical, anthro-
pometric, and inflammatory biomarkers.

Variables miR-7-5p
(n¼54)

SELENOP
(n¼45)

Age (years) − 0.046 [− 0214; 0323] 0.281 [− 0010; 0525]
Body fat (%)a − 0.016 [− 0292; 0249] − 0.300 [− 0579;

− 0002]
Fasting glucose (mg/dL) − 0.062 [− 0358; 0231] 0.076 [− 0204; 0356]
Insulin (µU/mL) − 0.239 [− 0494; 0064]b − 0.122 [− 0435; 0215]c

HOMA-IR − 0.167 [− 0427; 0085] − 0.097 [− 0406; 0212]
GPx1 activity (U/g Hb) 0.218 [− 0064; 0475] − 0.129 [− 0428; 0194]
SELENOP (ng/mL) − 0.350 [− 0594; − 0037]

*
-

Plasma Se (μg/L) 0.010 [− 0249; 0279] − 0.088 [− 0371; 0208]
Erythrocyte Se (μg/L) 0.046 [− 0254; 0343] 0.047 [− 0262; 0372]
mRNA GPX1 (2-ΔCt) 0.126 [− 0143; 0377] − 0.047 [− 0380; 0259]
mRNA SELENOP (2-ΔCt x
103)

− 0.264 [− 0513; 0026] − 0.051 [− 0352; 0252]

CRP (µg/mL) 0.085 [− 0228; 0381] − 0.250 [− 0536; 0059]
IL-6 (pg/mL) 0.112 [− 0187; 0368] − 0.294 [− 0560; 0001]
TNF-α (pg/mL) − 0.157 [− 0444; 0138] − 0.265 [− 0579; 0039]

Legend: a2 missing values, b7 missing values, c5 missing values. Legend: GPx=
glutathione peroxidase; Se= selenium; SELENOP= selenoprotein P; IL-6=
interleukin-6; CRP=C-reactive protein; TNF-α= tumor necrosis factor alpha.
95% confidence interval in brackets [lower limit; upper limit]. *Bold indicates a
significant p-value (< 0.05)
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obtained [21].
SELENOP is essential for regulating Se distribution to target tissues

such as the nervous, endocrine and renal systems. Furthermore, this
selenoprotein is involved in the homeostasis of this micronutrient,
establishing a central role in its transport [19]. This selenoprotein is an
indicator of selenium availability and is used as an accessible biomarker
for assessing Se status through plasma sample measurements [22].
Studies have demonstrated that SELENOP concentration can be influ-
enced by several factors, exhibiting variation according to gender. In
contrast to previous findings, our study revealed that advanced age was
associated with a higher level of SELENOP. However, it is important to
highlight that our research did not include elderly women among the
participants, which may have influenced the observed results [23].

Regarding the relationship between serum SELENOP concentration
and body composition, previous studies have indicated that individuals
with overweight exhibited higher values of this selenoprotein compared
to individuals with obesity [24], whereas other findings showed that
SELENOP correlates positively with visceral adiposity [25]. Thus, it is
observed that various methods of assessing body composition may yield
contrasting results in SELENOP regulation. Furthermore, other factors
such as age, inflammation, genetic polymorphisms, glycemic disorders,
among others, can also impact this concentration [23,24,26,27].

It is noted that selenoproteins are associated with miRNA in in-
flammatory diseases and cardiomyopathy, undergoing regulation
beyond their target tissues [28]. A study in animals observed that
miR-7-5p regulates the expression of the selenoprotein P gene in rats,
possibly by repressing translation of the SELENOP transcript variant
[29]. This finding aligns with our results, suggesting that miR-7-5p may
be a significant regulator of SELENOP, indicating a potential impact on
selenium nutritional status. However, further studies are needed to
substantiate this regulation, as well as human studies to assess the
impact of this miRNA modulation on physiological and pathophysio-
logical aspects related to selenium.

Furthermore, another study conducted on patients undergoing bar-
iatric surgery demonstrated that miR-7-5p was highly expressed in pi-
neal gland tissue. Thus, this microRNA may be associated with the
hormonal control of the thyroid and pineal gland, and consequently, it
may be related to individual weight regulation [30].

miR-7–5p also demonstrates a potential role in the diagnosis of T2D
and is associated with pancreatic B-cell growth, as suggested by in silico
analyses indicating that miR-7–5p is related to the phosphorylation of
proteins such as MAP kinase, AKT, and glycogen synthase kinase 3β,
which are associated with insulin signaling. These proteins are found to
be dysregulated in individuals with T2D or pre-diabetes. [6,31]. Other
studies contribute to an increasing body of evidence regarding the role
of miR-7–5p in the physiology of β cells, related to the pathophysio-
logical process of diabetes, playing a potential role in the regulation of
GLP-1-mediated insulin release [32]. Thus, the overexpression of
miR-7–5p may lead to a reduction in the phosphorylation of proteins
related to insulin function. [31,33,34].

Furthermore, protein kinase B (Akt) has been identified as a potential
target of miR-7-5p, regulating the PI3K/Akt pathway in hepatocellular
carcinoma as a possible tumor suppressor [31] and inhibiting the

PI3K/Akt signaling pathway in intestinal epithelial cells [35]. This
pathway plays a crucial role in the pathogenesis of type 2 diabetes and
chronic diseases. Insulin activates the PI3K-Akt pathway, enabling the
translocation of GLUT4 to the plasma membrane, which is crucial for
insulin-regulated glucose transport [36,37].

The present study has some limitations. The small sample size which
does not allow to make inferences for population. Additionally, another
limitation is the scarcity of an extensive literature framework for dis-
cussing the findings, as there are not many studies in the literature
addressing miR-7-5p.

However, the outcomes of this exploratory study will contribute with
new data for Nutrimiromics areas regarding the interplay between miR-
7-5p regulation, Se status, and inflammation, since there are few studies
in the literature investigating this scenario. Therefore, this exploratory
analysis serves as a crucial starting point for further research, providing
support for new associations between microRNAs and micronutrients to
bring new insights for future therapeutic strategies for mitigating
metabolic complications in obesity.

In conclusion, this study presents a significant inverse association
between plasma miR-7-5p expression and SELENOP concentration in
overweight/obese women, suggesting that age and percentage of body
fat are also positively associated, through different mechanisms that still
need to be further elucidated, due to their actions on different targets
that may be related to non-communicable chronic diseases, such as
diabetes. Additionally, this study provides support for future research,
with the possibility of corroborating the results of miR-7-5p related to
selenium metabolism.
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A. Pérez-García, J.I. Herrero, C. Fernández-Hernando, J. Kim, C.M. Ramírez,
MicroRNA 7 impairs insulin signaling and regulates A β Levels through
posttranscriptional regulation of the insulin receptor substrate 2, insulin receptor,
insulin-degrading enzyme, and liver X receptor pathway, Mol. Cell. Biol. 39 (2019)
e00170-19, https://doi.org/10.1128/MCB.00170-19.

[32] A. Matarese, J. Gambardella, A. Lombardi, X. Wang, G. Santulli, miR-7 regulates
GLP-1-mediated insulin release by targeting β-arrestin 1, Cells 9 (2020) 1621,
https://doi.org/10.3390/cells9071621.

[33] L. Gan, S. Huang, Y. Hu, J. Zhang, X. Wang, Heat treatment reduced the expression
of miR-7-5p to facilitate insulin-stimulated lactate secretion by targeting IRS2 in
boar Sertoli cells, Theriogenology 180 (2022) 161–170, https://doi.org/10.1016/j.
theriogenology.2021.12.029.

[34] Y.O. Nunez Lopez, A. Casu, Z. Kovacova, A.M. Petrilli, O. Sideleva, W.G. Tharp, R.
E. Pratley, Coordinated regulation of gene expression and microRNA changes in
adipose tissue and circulating extracellular vesicles in response to pioglitazone
treatment in humans with type 2 diabetes, Front. Endocrinol. 13 (2022) 955593,
https://doi.org/10.3389/fendo.2022.955593.

[35] F.C. Kalinowski, K.M. Giles, P.A. Candy, A. Ali, C. Ganda, M.R. Epis, R.J. Webster,
P.J. Leedman, Regulation of epidermal growth factor receptor signaling and
erlotinib sensitivity in head and neck cancer cells by miR-7, PLoS ONE 7 (2012)
e47067, https://doi.org/10.1371/journal.pone.0047067.

[36] S. Gabbouj, S. Ryhänen, M. Marttinen, R. Wittrahm, M. Takalo, S. Kemppainen,
H. Martiskainen, H. Tanila, A. Haapasalo, M. Hiltunen, T. Natunen, Altered insulin
signaling in Alzheimer’s disease brain – special emphasis on PI3K-Akt pathway,
Front. Neurosci. 13 (2019) 629, https://doi.org/10.3389/fnins.2019.00629.

[37] B. Kim, E.L. Feldman, Insulin resistance in the nervous system, Trends Endocrinol.
Metab. 23 (2012) 133–141, https://doi.org/10.1016/j.tem.2011.12.004.

H.P.M. Alves et al.


